Abstract Several studies have assessed the effects of nitrogenous compounds on amphibian behavior. However, few have focused on the effects of their combination with other stressors or on the variation of the response to pollutants among populations. We analyzed the effect of nitrogenous compounds (NH 4 ? ; NO 2 -; NO 3 -, both alone and in combination) on larval behavior (activity level and location in the water column) in four populations of Pelophylax perezi naturally exposed to different levels of eutrophication. Larval activity was highest and use of the bottom of the experimental beaker was lowest at lower concentrations of nitrogenous compounds acting singly, these responses being minimal and maximal, respectively, at both control and higher concentrations. This pattern appears to fit to an hormetic reponse. Additionally, the combination of nitrogenous compounds affected more severely the response variables than when ammonium or nitrite acted singly according to an additive model. Populations inhabiting highly polluted aquatic habitats marginally showed higher activity level than the populations from less polluted environments, especially when larvae were exposed to ammonium or when nitrite appeared in combination with other nitrogen forms. Levels of activity correlated positively with larval final mass. Moreover, for similar levels of activity, larvae from polluted populations had higher growth rates than those coming from reference
Introduction
Human activities, such as farming and fossil fuel combustion, have increased the concentration of nitrogenous compounds in the environment (Ritter and Bergstrom 2001; Vitousek et al. 1997) . As a consequence, pollution by such compounds is widespread (Carpenter et al. 1998) and is expected to increase in the future (Galloway et al. 2003; Tilman et al. 2001) . Thus, a current challenge is to understand how nitrogenous may impact organisms in nature.
Among the many organisms that might be affected in nature, there is growing interest in analyzing the impact of nitrogenous compounds on amphibians (see review by Marco and Ortiz-Santaliestra 2009) . As a result, both lethal and sublethal effects have been reported for ammonium, nitrite and nitrate (e.g., Griffis-Kyle 2007; Xu and Oldham 1997) and investigators have discovered a great deal of intraspecific and interspecific variation in tolerance (Egea-Serrano et al. 2009a; Johansson et al. 2001; .
Past studies have also demonstrated that the effects of nitrogenous compounds may be exacerbated when combined with other stressors. For example, nitrogenous fertilizers combined with pesticides (Boone et al. 2005) , UV-B radiation Blaustein 2000, 2003; Macías et al. 2007) or low pH (Hatch and Blaustein 2000) can affect amphibian larvae more severely than when exposed to the fertilizer alone. In nature, nitrogenous compounds experience reduction and oxidation processes, resulting in mixtures of several different forms of inorganic nitrogen including ammonium, nitrite and nitrate (e.g., Atlas and Bartha 2002; Vidal-Abarca et al. 2000) . Despite this fact, few studies have analysed the impact of different combinations of nitrogenous compounds on amphibian larvae (Egea-Serrano et al. 2009a ). Moreover, although there is evidence of population-level variation in tolerance to nitrogenous compounds (Egea-Serrano et al. 2009a; Hatch and Blaustein 2003; Hecnar 1995; Johansson et al. 2001; Shinn et al. 2008) , information on intraspecific differences among populations in the sensitivity to nitrate compounds is still scarce. Such information is urgently needed to understand the potential of a given species to adapt to this kind of pollution.
Pollutants such as pesticides and fertilizers can affect larval behavior, often causing reductions in activity (Bridges 1997 (Bridges , 1999 Hatch and Blaustein 2000; Hecnar 1995; Shinn et al. 2008; Xu and Oldham 1997) . Decreases in tadpole activity may lead to reduced feeding rates and energy intake (Horat and Semlitsch 1994) and reduced competitive ability (Dayton and Fitzgerald 2001) , which may slow growth and development (Alford and Harris 1988) . Slower growth and development can make tadpoles more susceptible to pond desiccation (Bridges 1997) or cause a longer time of exposure to predators (Wilbur et al. 1983 ). In addition, pollutants such as nitrogenous compounds can increase blood methaemoglobin concentration (Huey and Beitinger 1980a) . Because this protein cannot bind or transport oxygen, this outcome can cause tissue hypoxia and suffocation (OECD 1986; Unites States EPA 1986) . In response to reduced oxygen, many species of tadpoles increase their rate of atmospheric oxygen uptake by bobbing for atmospheric oxygen, thereby affecting their location in the water column (Huey and Beitinger 1980b; . Such an effect will increase swimming activity and may move tadpoles away from food sources and reduce their feeding rate (Warkentin 1992) .
To understand the impacts of nitrogenous compounds, alone and in combination, on amphibians, we used the Iberian waterfrog (Pelophylax perezi). This waterfrog is widespread throughout the Iberian Peninsula and Southern France (Llorente and Arano 1997) , inhabiting mainly permanent water bodies as larvae and adults (Díaz-Paniagua 1990; Docampo and Vega 1990; Egea-Serrano et al. 2005; Martín et al. 2006) . As a consequence of farming practices (one of the most important nitrogen sources in nature, e.g. Ritter and Bergstrom 2001) , these habitats may hold high concentrations of different nitrogen forms (e.g. at southeastern Iberian Peninsula, point simple sample: 154.6 mg NH 4 ? /L; 74.4 mg NO 2 -/L; 333 mg NO 3 -/L, Suárez, personal communication). Therefore, this species might be exposed to nitrogen pollution throughout its life cycle. Moreover, P. perezi larvae spend most of their time on the benthos, at least in laboratory conditions (Díaz-Paniagua 1987) , which would suggest that environmental conditions that cause them to move away from the benthos may have negative effects on larval fitness. Finally, past work has demonstrated population-level variation in survival and other fitness-related traits in response to different nitrogenous compounds (Egea-Serrano et al. 2009a ). Using P. perezi, the aims of the present study were the following: (1) to determine the effects of the exposure to different concentrations of ammonium chloride, sodium nitrite and sodium nitrate, and to the combination of high concentration of the latest compound with ammonium and nitrite on the activity and location of tadpoles in the water column; (2) to assess the effects of the exposure to the combination of high concentration of the sodium nitrate with different concentrations of ammonium chloride and sodium nitrite on the activity and location of tadpoles in the water column; and, (3) to evaluate whether there is evidence of divergence between populations in the behavioral traits undergoing different exposure histories to nitrogenous pollution. We predicted that tadpoles from polluted environments would be significantly more tolerant to nitrogen exposures by exhibiting higher levels of activity and movement through the water column, food consumption and body mass.
Materials and methods

Studied populations
Four populations of P. perezi located in the Segura River basin (SE Iberian Peninsula) were selected. This basin has been reported as one of the most arid of Iberian Peninsula (Vidal-Abarca et al. 1987) , and a trend towards eutrophication of the water bodies located at this basin has been described since at least the 1980s (Ballester 2003) . The selected populations were naturally exposed to different levels of nitrogen pollution. Two of these populations, corresponding to the permanent headwater stream Río Chícamo (38°12 0 N, 001°03 0 W; 170.3 m above sea level) and to the semipermanent headwater stream Rambla Tejera (38°11 0 N, 002°07 0 W; 1,197.9 m above sea level) (C1 and C2 hereafter), showed low nutrient concentration (C1: less than 5.1 mg N-NO 3 -/L (Vidal-Abarca et al. 2000); C2: less than 2.1 mg NO 3 -/L, unpublished data). The terrestrial environment of these populations contains bush on marls (C1) or to a mixture of bush and pine trees on limestone lithology (C2).
The other two populations have a history of nitrogen pollution. Rambla del Garruchal (37°57 0 N, 001°04 0 W; 346.0 m above sea level; hereafter P1), is a semipermanent headwater stream which has been exposed to nitrate concentrations as high as 162.1 mg NO 3 -/L for 22 years During transport back to the lab, the egg masses were stored in 22-L plastic aquaria containing 8 L of water from the natal pond. Eggs were taken to the laboratory in less than 3 h, and then transferred to 12-L glass aquaria containing dechlorinated tap water (pH = 8.39; conductivity = 985 lS/cm; 0.002 mg NO 2 -/L; 4.69 mg NO 3 -/L). In all cases, no embryos hatched prior to arriving to the laboratory. Embryos from the same population of origin were pooled in the field and reared in the same aquarium in the laboratory. Fully arbitrarily selected larvae were assigned to each of the 11 treatments ( Note that concentrations were not confirmed using analytical chemistry tadpoles were transferred to 1-L plastic beakers containing 500 mL of the treatment solutions. Ammonium, nitrite and nitrate concentrations were prepared using NH 4 Cl, NaNO 2 and NaNO 3 , respectively, and dechlorinated tap water. For each ion two concentrations (low or high, Table 1 ) were selected to assess and magnify any subtle effect that may have not been detected at lower concentration. In all cases, these concentrations were representative of those naturally occurring in the field in the Segura River basin (e.g. point simple sample: 154.6 mg NH 4 ? /L; 74.4 mg NO 2 -/L; 333 mg NO 3 -/L, Suárez, personal communication). Since a major objective of the present study was to assess the impact of the treatments on sublethal parameters, the concentrations selected for ammonium and nitrite were lower than those cited in environmental samples because preliminary tests showed that higher concentrations produced high larval mortality after short-term exposure (Egea-Serrano et al. 2009b) . It is important to note that we calculated nominal concentrations but did not test either the nominal or the actual concentrations using analytical chemistry. Each beaker contained one tadpole. The movement of eggs and larvae was always done using a 10 cm 2 piece of 1 mm mesh. The study species can lay a mean value of 2,309 eggs (Hotz et al. 1994 ), the same female being able to lay eggs at several times during the breeding season (Hotz et al. 1994) . Size of the egg masses is very variable, ranging from 7,160 eggs to hundreds or, as in the case of the study populations, small masses of only 30-40 eggs (García-París 1985; González de la Vega 1988; Vidal 1966) . Moreover, the reproduction of this species is positively correlated with environmental temperature (Richter-Boix et al., 2006) , which means significant interpopulation and interanual variation of its breeding period (Richter-boix et al. 2006; review Egea-Serrano 2006) . Therefore, and considering that egg collection had to be done during the same period for the four studied populations to get embryos at the same developmental stage, breeding strategy and interpopulational variation in breeding season would explain that the number of eggs collected was different for the different study populations, which determined the number of replicates for each population. Therefore, for C1 and C2 populations, each treatment was replicated seven times, whereas for P1 and P2 populations, it was repeated five times (i.e. seven and five beakers per treatment, respectively).
A sample of 13-15 experimental beakers were arbitrarily selected for each treatment to measure water pH, temperature (°C), conductivity (lS/cm) and salinity (g/L). Measurements were taken just after restoring treatments for the first time. Treatments did not affect pH (F 10,149 = 1.400; P = 0.167) or temperature (F 10,149 = 0.400; P = 0.925). However, conductivity (F 10,149 = 390.0; P = 0.0001) and salinity (F 10,149 = 524.330; P = 0.0001) were significantly higher for those treatments assigned high concentrations of ammonium, nitrite and nitrate, isolated or combined (see Egea-Serrano et al. 2009a for more details).
Larvae were fed every 3 days using dry dog chow pellets (250-350 mg). Although dog chow pellets were not characterized as a source of either nutrients nor contaminants, it is unlikely that they biased the impact of the treatments reported in the present study by significantly increasing trace contaminant or nutrient concentration in the experimental beakers because treatments were renewed every 2 days. Larvae were exposed to the chemicals for 21 days under laboratory conditions (*25°C with indoor lighting on a 12:12 h dark:light cycle). Water was renewed and treatments reapplied every 2 days.
At days 2, 4, 7, 14 and 21 after the beginning of the experiment (day 1) we recorded activity (defined as presence of swimming or tail or feeding movements) and location in the water column (defined as whether or not a tadpole was on the bottom of the beaker) using the point sampling method (Altmann 1974). Only one observation was made on each beaker on each sampling date. To reduce the likelihood of assigning a given larva to a wrong category for either activity or location in the water column, each larva was observed for 30 s. If a tadpole was moving during this period, it was scored as active. If a tadpole stayed mostly or totally on the bottom of the experimental beakers during this period, it was scored as being on the bottom of the beakers. To keep disturbance to a mininum, larvae were observed from a distance of 1 m (Xu and Oldham 1997) .
Larval mass was measured at the end of the experiment. In addition, we quantified food consumption at days 7, 14 and 21 using the methodology proposed by Rist et al. (1997) . A preweighed dog chow pellet (250-350 mg) was placed in each beaker with no other food source. After 24 h, the uneaten food was removed, dried again for 24 h at 50°C and weighed. To correct for any bias in the estimates due to the loss of food by its handling or physical dilution in water, a correction factor was calculated (EgeaSerrano et al. 2009a) . To that end, a pilot study was performed with 50 dried dog chow pellets (205-350 mg). Each one was weighed, left in water without larvae for 24 h and weighed again after being dried for 24 h at 50°C. Final dried mass of the pellets (y) was regressed against their initial dried mass before being submerged (x), obtaining the following regression equation: y = -0.0082 ? 0.8725x (R 2 = 0.988, P = 0.0001, N = 50). The initial dried mass of each chow pellet (x) was introduced in this regression model to determine its final dried mass after removing the loss due to handling or dilution (y). The difference between this mass and the final dried mass weighed after chow pellets were in the experimental beaker with the larvae provided the amount of food eaten by each larva.
Analysis of data
Larval activity and location in the water column were analysed separately by General Linear Models (GLM). The dependent variables were the number of times a tadpole was active and the number of times a tadpole was on the bottom of the beaker. Independent factors were environment of origin (reference or polluted), population (nested within environment), chemical treatment, and their interactions. Larval mortality was recorded during the experiment (Egea-Serrano et al. 2009a) . Because the major objective of our study was to characterize the impact of nitrogenous compounds on the behavioral responses for the duration of the experiment, only larvae surviving at the end of the experiment were included in the analyses to avoid bias from different sensitivity to pollution. We used post hoc HSD Tukey tests for pair-wise comparisons for the treatment factor. Additionally, each nitrogenous compound was analysed separately for each studied variable to examine in more detail the effects of compound concentrations and mixtures. To do so, treatments containing the compound of interest were selected and assigned the proper category of the factors concentration (low or high) and mixture (single or combined with the rest of compounds, regardless their concentration). Environment of origin, concentration, mixture and their different interactions were included as factors. To analyze for the effect of population of origin, this factor was also included in the analyses, nested within environment.
The overall effect of environment of origin, population of origin, nitrogenous treatment and their interaction on final mass and food consumption is not reported here because it was reported elsewhere (Egea-Serrano et al. 2009a) . Nevertheless, to assess the relationship between activity, location in the water column and final mass and food consumption, Pearson correlation analyses were performed, both globally and for those treatments involving ammonium, nitrite and nitrate separately. In addition, analyses of covariance (ANCOVAs) were performed to specifically assess the impact of highly polluted treatments and environment of origin on food consumption and final mass after correcting for activity level. For both response variables, treatment (control or highly polluted [category including only treatments 3, 5, 7 and 11]) or environment of origin (reference or polluted) were considered as independent factors in separate ANCOVAs and in all cases activity level was included as a covariate.
All variables were log-transformed (mass and food consumption: log x; activity and location in the water column: log(x ? 1)). Analyses were performed with SPSS ® v. 15.0 statistical package. In all cases a significance level of P \ 0.05 was selected and descriptive statistics were expressed as mean ± 1 SE.
Results
Effects on activity
For both the overall and separate analyses, tadpole activity was lower for high-N concentrations of nitrogenous compounds than for low-N concentrations (Tables 2, 3; Fig. 1 ). Futhermore, separate analyses revealed that the combination of nitrite with other nitrogenous compounds increased larval activity in relation to its effect acting alone (Table 3 ; Fig. 1 ). When the control treatment was compared with either lowand high-N treatments, we found a non-linear pattern in the activity response. Control and highly polluted treatments (treatments 3, 5, 7 and 11) induced similar activity (HDS Tukey's test, P = 0.315), which was lower than that for low nitrogen concentrations (treatment 2, 4 and 6) (HDS Tukey's test, P \ 0.017).
The environment of origin showed marginally significant effects on larval activity for both the overall analyses (Table 2) , and when nitrite and nitrate were analysed separately. For ammonium, the environment of origin was significant (Table 3 ; Fig. 1 ). Larvae from polluted populations exhibited higher activity than those from reference populations. In addition, this response was more marked in the case of the exposure to nitrite in combination with other nitrogenous compounds (Table 3 ; Fig. 1 ).
Effects on location in the water column
Treatment marginally affected larval location in the water column (Table 2 ). Larvae exposed to control treatment were on the bottom of the beaker more times than larvae exposed to treatments 2, 4, 6 and 8 (Fig. 2) . This effect was marginal (HSD Tukey test: P = 0.063) in response to treatment 3. Neither environment of origin nor population significantly affected larval location in the water column. Although the environment of origin 9 treatment interaction was not significant, population-specific tolerance was found (significant population 9 treatment interaction; Table 2 ; Fig. 2) . Additionally, increased use of the bottom was found when ammonium was combined with other nitrogenous compounds relative to ammonium acting alone (Table 3 ; Fig. 2 ). Table 3 Summary statistics for the GLM analyses on activity and location in the water column of larvae of Pelophylax perezi in the laboratory Table 3 Summary statistics for the GLM analyses on activity and location in the water column of larvae of Pelophylax perezi in the laboratory Influence of larval behavior on food consumption and mass
Overall, larval activity correlated positively with final larval mass and negatively with food consumption, especially for the single nitrite (Tables 4, 5 ). Time spent on the bottom of the beaker was only negatively correlated with food consumption in the case of ammonium and nitrate when analysed separately. For these ions, larvae spending more time on the bottom of the experimental beakers consumed less food (Table 5 ). Although larval activity was similar among the control and treatments enriched with nitrogenous compounds (see ''Results'' section, effects on activity), final mass, once controlled for activity level, was smaller for highly polluted environments than for the control treatment (ANCOVA, treatment, F 1,99 = 5.977, P = 0.016). Additionally, for a similar level of activity, larvae from polluted populations had higher growth rates than those coming from reference populations (ANCOVA, environment of origin F 1,209 = 16.155, P = 0.0001, Fig. 3 ). In addition, food consumption was not different between environments (ANCOVA, environment of origin F 1,204 = 2.394, P = 0.123).
Discussion
The behavioral responses of larval P. perezi to increasing concentrations of nitrogen-based chemicals showed a nonlinear trend, activity and use of the bottom of the beakers being minimal and maximal, respectively, at both control and higher concentrations. This pattern contrasts with the overall decrease of larval activity in nitrogen-enriched treatments (Hatch and Blaustein 2000; Hecnar 1995; Shinn et al. 2008; Xu and Oldham 1997) or with the increase of atmospheric oxygen uptake reported in previous studies (Huey and Beitinger 1980b; . Dose-response relationship is the major concept used to assess toxicological risk (Calabrese and Baldwin 2003) , and linear threshold and non-threshold models have been traditionally employed to predict larval amphibian behavioral and developmental responses (e.g. Ortiz et al. 2004) . However, sometimes organisms may perform an adaptive response to overcompensate low levels of stress, fitting to an U-shaped dose-response relationship commonly named hormesis Baldwin 2002, 2003) . Our results may be explained by considering that moderate levels of stress may have induced a compensatory response. It has been previously suggested that blood methemoglobin may Fig. 1 Mean larval activity (±1 SE) for four different Pelophylax perezi populations exposed to low and high concentrations of three nitrogenous compounds and to different combinations of them. Text in boldface indicates the higher concentration for the different ions used in the present study. Treatment codes are shown in brackets. Results of HDS Tukey's test (a = 5%) performed for the factor treatment are shown (common underbars notation). Different lowercase letters above the data bars indicate differences within treatments according to HDS Tukey's test (a = 5%). White bars reference populations; grey bars polluted populations Fig. 2 Mean larval location in the water column (±1 SE) for four different Pelophylax perezi populations exposed to low and high concentrations of three nitrogenous compounds and to different combinations of them. Text in boldface indicates the higher concentration for the different ions used in the present study. Treatment codes are shown in brackets. Results of HDS Tukey's test (a = 5%) performed for the factor treatment are shown (common underbars notation). Different lowercase letters above the data bars indicate differences within treatments according to HDS Tukey's test (a = 5%). White bars reference populations; grey bars polluted populations increase as a consequence of the exposure to nitrite (Huey and Beitinger 1980a) . Thus, although air-gulping rates were not recorded, it makes sense to infer that larvae exposed to moderately polluted treatments may have been forced to increase atmospheric oxygen uptake to satisfy their oxygen demands. This possibility, together with the positive buoyancy it may represent (Feder and Wassersug 1984; Wasserssug and Feder 1983) , may have determined both increased larval activity and use of the water column, as the negative correlation between activity and location in the water column suggests. The absence of any behavioral response at the high-N treatments may be attributed to the fact that concentrations were high enough to prevent the compensatory response but not high enough to significantly reduce feeding or swimming activity through the water column. This explanation would suggest that the observed response would fit a hormetic response Badwin 2002, 2003) , supporting previous results (GriffisKyle 2007; Watt and Oldham 1995) . Nevertheless, it has to be noticed that, although treatments were reapplied every 2 consumption to overcompensate the stress induced by Mass pellets stayed on the bottom of the beakers, once hydrated, and larvae of P. perezi mainly are benthic, at least under laboratory conditions (Díaz-Paniagua 1987) . Thus, any significant influence of treatments on larvae moving away from the bottom of the beakers and, therefore, from food sources, should have produced a significant correlation between larval location in the water column and fitnessrelated traits. Nevertheless, such an effect was not detected, which may be because the correlation between location in
Significant correlations are marked in bold days, the results observed may be due to the fact that the actual concentrations significantly differed from nominal concentrations. Polluted treatments negatively affected larval foraging ability (Egea-Serrano et al. 2009a) and this effect appears to be partially mediated via larval activity, since the two traits were negatively correlated. Paradoxically, final larval mass did not depend on the amount of food consumed. Additionally, for a constant activity level, control larvae attained larger sizes than similarly active tadpoles growing at nitrogen-enriched treatments. The exposure to chemicals can increase metabolic rate and activate detoxification pathways (Rowe et al. 1998; Wright and Wright 1996) which consumes energy. Therefore, our results may be explained by considering that larvae showing lower activity levels were so severely affected by treatments that they had to increase feeding efficiency to satisfy the energetic costs of maintenance and detoxification, leaving less energy to devote to growth. Such detoxification costs would also explain the mass reduction described by EgeaSerrano et al. (2009a) for high concentrations of ammonium or nitrite, thus suggesting that the degree to which activity affected mass was more severe for those larvae growing in polluted environments.
We found no significant correlation between food consumption and larval mass, neither overall nor when treatments.
Some caution is warranted in considering the above interpretations of correlations among the studied variables. First, final mass reflects the influence of the treatments for the whole exposure period, whereas larval activity, location in the water column and food consumption were recorded at given days. This disparity regarding the ways of recording these variables may have masked the relationships among them. Therefore, future studies should record ethological endpoints daily to accurately assess whether the relationships found between the studied variables still hold.
The combination of nitrogenous compounds produced more severe effects on larval location in the water column or activity than when ammonium or nitrite were present alone, respectively. This scenario supports previous studies describing more severe effects when nitrogenous pollutants were combined with other stressing factors such as pesticides, UV-B radiation or low pH (Boone et al. 2005; Blaustein 2000, 2003; Macías et al. 2007 ; but see Boone and Bridges-Britton 2006; Orton et al. 2006 ). However, some caution is needed when interpreting the harmful effects of nitrogenous combinations on larvae, since additive combinations of nitrogenous compounds also have a higher total nitrogen concentration (Egea-Serrano et al. 2009a ). The lack of significant concentration 9 mixture interactions suggest the effects observed would correspond to an additive model (Berenbaum 1989) , in contrast to another study with P. perezi (Egea-Serrano et al. 2009a) in which synergistic effects on mortality, food consumption and mass were found. Significant correlations are marked in bold Tadpole populations collected from highly polluted aquatic habitats showed higher activity levels than populations collected from less polluted environments. Moreover, for a similar level of activity, larvae from polluted populations had higher growth rates than those coming from reference populations, although food consumption did not differ. These findings, together with population-level differences in water column position and divergence in assimilation rates, suggest the existence of geographical variation in behavioral sensitivity and tolerance in P. perezi larvae to nitrogenous compounds. Since the studied populations may have been exposed to different nutrient concentration (Ballester 2003; Vidal-Abarca et al. 2000) , an adaptive process, and even genetic adaptation, could be expected, as has been previously suggested for Rana temporaria (Johansson et al. 2001 ) and even for P. perezi larvae in survival and other larval fitness traits (Egea-Serrano et al. 2009a) . However, other factors may mask the divergent responses observed. For instance, population divergence may be the response to other environmentally based factors such as maternal effects (Räsänen and Kruuk 2007) . Since tadpoles from different egg masses were mixed, the factor family could not be included in the analyses and, consequently, maternal effects could not be accounted for. Moreover, egg masses were collected in the field and, consequently, selective mortality and/or acclimatization process in the localities of origin could be partially responsible for the responses observed (Freda and Dunson 1984; Räsänen et al. 2003) . All these considerations make it difficult to assess the interpretation of an adaptive response of populations to nitrogenous pollution.
Two final considerations may be suggested. First, it has to be emphasized the relevance of considering behavior when assessing the impact of a stressor on amphibians, since the effects observed for a given variable may be the expression of ethological alterations. Second, some caution is needed when interpreting those studies reporting the lack of effect of a chemical on amphibians, since the responses of these vertebrates to pollutants are not always linear, as the present study points out.
